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ABSTRACT

Sea ice pressure ridge sail heights and the dimerLsior.s  of ice blocks

that comprised the sails were. measured for 30 ridges in April, 1980. The

ridges were located from 30 to 200 lun offshore in the Prudhoe Bay, Alaska

region. Sail height was foand to be a function of the thickness of the ice

in the riiige. A reasonable relationship shows that height is dependen: on

the square root of block thickness, Tne data also verifies that the ratio

of sail height to ice block thickness is much larger for ridges composed

thin ice than for those composed of thick ice. Ridge width and cross-

sectional area are also found to be related co block thickness. For the

largest ‘o1ocW4 in

squared, as wculd

~~:era~ variation

the ridge, block surface area is reiaced to thickness

be expected from platz deflection theory. ~damizat%on

of height aad width along the ridge shows an expected

of

of “

~a~g~ ~ar~~tio~, particularly with height. No geographic variations of

imdi~idual ~ress~re ridge morphology were discernible from this data, how-

ever a laser profile taken during the study period shouTs that the mean

heights and numbers of ridges decrease as the distance from the coast

.Lncreases.



%

4 INTRODUCTION

Sea ice ridges have warranted much attention from

community i~. recent years. ~is interest has resulted

explore for and produce petroleum in nearshore Alaskan

the engineering

from the desire to

and Canadian waters.

The pr~ary concerns here are the magnitudes of stresses that till be

exerted on fixed offshore structures by floating ice ridges and the pos-

sibility that grounding ridges may damage subsea pipelines or well heads.

Both of these issues are concerned with

addition, the existence of ridges poses

Chese regions.

the actual strength of ridges. In

severe hazards to navigation in

From a scientific viewpoint, the overall rheology of sea ice is depen-

dent upon the amount of deformed ice present. Highly deformed ice has

greater strength than undeformed ice, and thus is less susceptible to fur-

ther deformation. This, in turn, affects the amount of open water and

young ice present, which significantly affects the balance of air-sea

interactions.

?revicus studies (Weeks et al., 1980, Wadhans, 1976, Tucker et al.,

1979, Hibler et al., 1974) have statistically characterized the numbers and

heights of ridges in the Alaskan and Canadian nearshore areas by using

laser profiles of sea ice. Other studies (Kovacs et al., 1973, Kovacs and

l?ellor, 1974, Weeks and Kovacs, 1970) have addressed the geometry and

structure of first-year and multi-year ridges. In these reports on ridge

structure, however, liztle mention is made of the ice block sizes chat com-

prise the ridge. ‘This is somexhat surprising, because ridges

ice blocks, and the block size distribution is a factor which

~f:ec~s t~.e overall strengtk~  of che ridge.

are piles of

undoubtedly
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It is also of general interest to know what thicknesses of ice deform+

‘ to create ridges. That is, are ridges created only by deforming new ice in

leads and cracks or are stresses sufficiently large to cause deformation of

older and thicker ice?

Ridges are created by ice deforming under compression, shear or some

combination of the two. In the Beaufort Sea, pressure ridges (those formed

under compression) appear to be the predominant type, especially seaward of

the nearshore  shear zone. During formation of

ridge, ice blocks are piled above and below an

height of the ridge depends on the strength of

a free floating pressure

adjacent ice sheet. The

this host ice sheet, which

is loaded with ice blocks until ‘bending stresses exceed its strength

(Parmerter  and Coon, 1972). When the failure occurs the ridge begins to

build laterally rather than vertically, and the blocks

parent sheet are incorporated into the ridge. Because

stress depends on ice sheet thickness, we would expect

broken from the

critical bending

to find a relation-

ship between ridge height and the thickness of deformed ice, assuming suf-

ficient ridge building forces are available. In a one-dimensional modeling

study, Parmerter and Coon (1972) found that ridge sail and keel heights

were dependent on ice sheet thickness and on strength, where these were

treated as independent parameters.

This paper reports on the results of a field study that was under-

taken specifically to examine the size and thickness of the ice blocks

incorporated into pressure ridges. The primary purposes of the investi-

gation were 1) to ascertain what thicknesses of ice were being ridged in

the nearshore region and 2) to establish whether a relationship e-xists be-

tT~een ridge height and ice bloc”k thickness. In addition, several ocher
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. types of information concerning block sizes, ridge slope angles, ridge

‘ width and lateral variation of

reported on here. We examined

the heights of grounded ridges

height and width were collected and are

only free floating, first-year ridges, as

are determined by different mechanisms

(Kovacs and Sodhi, 1980). While we attempted to confine the investi-

gation to ridges formed by compressive forces, “evidence of shearing was

noted in several instances.

FIELD STUDY

The field program took place during the first and second weeks of

April, 1980. Ridges were sampled from five sites located offshore near

Frudhoe Bay, Alaska. Figure 1 shows the location of the sites which were

at 33 km intervals from Cross Island along a line running N24°E. TJJi s

scheme was chosen to assess possible variation with distance from the

coast, and because laser profile data over several years existed for this

same line. Each sampling site was approximately 3 ‘km square.

Six ridges were sampled from each site. A 1 m height restriction

deleted snow drifts and single overthrust blocks from the survey. Ridges

were selected by helicopter with an attempt to be random with respect to

ridge size and orientation. only “single” ridges were selected. Rubble

fields and clustered parallel ridges were omitted. This restriction made

ridge selection somewhat difficult at site i , which was located within the

shear zone which is characterized by rubble fields and multiple ridges.

These features gave way to single ridges as distance from the shore

increased. This contrast is emphasized in Figure 2 which shows aerial

phonographs of small areas within sites 1 and 5.
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Several measurements were made on the ice after a ridge was selected.

●

‘ Initially, the highest point along the ridge within easy walking dis-

tance (< 0.5 km) was located. At this location an angle and distance from

the base of the ridge ~o the peak were recorded for both sides of the

ridge. The base of the ridge was considered to be at sea level as evidence

of flooding and refreezing was frequently noted. Measurements were correc-

ted for snow cover when n.scessary. At locations 15 m to the left and right

of the high point, the set of measurements was repeated. The total set of

measurements provided the height, slope and width for three points along

the ridge. In addition to the ridge geometry, the sizes of the largest

blocks (largest referring to upper surface area) in the ridge were measured

along the 30 m section. The ice thickness and the surface dimensions were

recorded for at least six blocks on each ridge. Where the blocks were

piled in a manner that made them accessible, more were measured.

Several environmental factors noted in the field program may have

influenced the results of this study.

large smount of snow cover on the ice

& a result, the measurement of block

One is that there was an unusually

(Kovacs, personal communication).

sizes was extremely difficult be-

cause of deep snow drifts, except where recent ridging had occurred.

Because of the necessity to collect block-size information, the majority of

the ridges sampled were the result of recent reformational events (probably

within the preceding month).

Another possible influence is that a deliberate effort was necessary

to locate ridges containing block thicknesses of less than 1 n. This

occurrence partially removes the randomness from the ridge selection

~rocess. iihile our results show approximately 50% of Lhe ridge sampies
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had ice block thicknesses less than 1 m, these were definitely a minority

.

‘ of the ridges existing at this time. This is likely due to the fact that

very little open w~ter, and thus thin ice, had been available for ridging

within the month preceding the study.

The final abnormal factor noted was that no multi-year ice was ob-

served along the study line. This seemed highly unusual because in other

years, a substantial amount of multi-year ice has been observed within a

few kilometers of Cross Island (Tucker et al., 1980), however,  Kow= (per-

sonal communication) reports that no multi-year ice has existed close to

shore in this area for the past three winters. The presence or lack of

multi-year ice may possibly affect

ridges in a certain area.

RESULTS

Wdge Height vs. Block Thickness

The three height measurements

the morphological characteristics of

AND DISCUSSION

made alorig each ridge were combined to

form a “mean’” ridge height. Because the highest local point was included

in the measurements, this value is probably biased high. Howeverj without

a height measurement at least every meter for the entire length of the

ridge, determination of the average height of the ridge becomes subjec-

tive. We felt that our measurement technique would provide a consisten~

method of determining the relative size of the ridge. Block thicknesses

were also averaged to Frovide a mean block thickness for each ridge. An

interesting but expected discovery was that not all ridges ~ere composed of

a single thickness of ice. Figure 3 shows b~ock~ of different t~~ckaesses

ir. z single ridge. Of the 30 ridges sampled, Zour contained two disziact
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* block thickness categories, four contained three distinct ice thicknesses,

and the remainder were composed of one general thickness. This finding

probably implies that thinner ice in refrozen leads was piling on a thicker

parent sheet. In these cases we should be comparing our ridge heights to

the thickest ice in the ridge for comparison to the results of Parmerter

and Coon (1972). Because the majority of the ridges contained only one

predominant thickness, and because we believe that these ridges had not

reached their limiting heights (discussed lacer), we shall use the mean

block thickness for the presentation of most of the results. The largest

variation observed in a single ridge were block thicknesses ranging from

0.7 m to 2.13 m.

Figure 4 shows the mean ridge height plotted against block thickness

for the 30 ridges. Several interesting features are immediately apparent

in Figure 4. First, nearly 50 percent of the ridges measured were composed

of ice in excess of 1 m thick. Also, as mer.tioned  earlier, we experienced

difficulty in locating those few ridges that were composed of thinner

ice. This finding seems to be in contrast with earlier ideas that the

majority of ridges will be composed of ice less than 1 m thick (Kovacs

and Mellor, 1974). It also differs with observations made by a party

on a trans-Arctic surface crossing (Herbert, 1970) who found that

cent of the ridges measured had slab thicknesses less than 1 m in

Eastern Arctic. Uur observation may be anomalous with respect to

84 per-

the

time or

location, however. Since the excessive snow cover limited our sampling to

recently formed ridges, a lack of thin ice during this time period would

have forced thicker ice to be ridged.
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Another obvious feature of Figure 4 is the lack of ridges containing

(e
thicknesses between 0.5 and 0.8 m. This is probably due to a combination

of events including snow cover concealing ridges of this thickness, lack

of recent ridging activity and coincidence.

Probably the most interesting aspect of Figure 4 is the relationship

between the ridge height and block thickness. It is obvious that the cor-

relation is not high, but a large amount of scatter is somewhat expected if

one considers that ridge building forces vary between different ridging

events. Ridge height is certain to depend on the force available and its

active duration as well as the strength a>d thickness of ice. If the

alrai,~ab~e force or duration is less in some cases than others, the height

‘would be expected to fall short of the limiting maximum height.

A reasonable fit to the data in Figure 4 as shown is

h = 3.69 tl/2 (m) (1)

where h is ridge height (m) and t is ice block thickness (m). While a

linear or exponential curve may fit the data better in a statistical sense,

the square root law seems more appropriate because it allows height to go

to zero with thickness. This approach is consistent with a ridge redistri-

bution function proposed by Hibler (1980) as part of a variable thickness

sea ice model. The square root relationship can be derived ‘tith simple

geometrical arguments by making several assumptions. This derivation is

carried out in the Appetidix.

The ridge heights predicted by Parmerter and Coon (1973) using frac-

turing strengths (UC) of 2.0 ● “10D Nn-2 and 3.5 ● 105 
hb-2 are also

shown in Figcre 4. Their predicted heights for the two strengths aearly
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envelope our observed heights. This is a very encouraging result which

,

gives credence to the Parmerter and

is that the predicted ridge heights

parent sheet thicknesses and should

Coon model. A relevant point however,

are of limiting heights for various

represent the maximum heights

attainable. For this case, a better comparison to the Parmerter and Coon

model is to plot the observed ridge heights against the maximum block

thickness found in each ridge, which should represent the thickness of the

parent sheet as mentioned earlier. Figure 5 shows this, and as expected,

several more heights fall below the high strength limiting height

prediction. A square root relationship works reasonably well here also,

but we choose to restrict regression fits to mean block thicknesses for

reasons mentioned earlier and because the geometrical arguments which help

justify the square root law (Appendix) are not concerned with the parent

sheet thickness.

That several observed heights are larger than the ?armerter and Coon

predicted values rcay indicate s high bias in our observations due to the

use of the highest local point for one of the three height measurements.

Comparison of the mean heights from each site to those derived from laser

profiles in the same area shows our ridge measurements to be 1.7 m higher

on the average. Relative to the laser profiles, our sampling was cer~ain~y

biased towards higher ridges. However, the mean ridge height derived from

laser profiles is very sensitive to the low height cutoff (1.0 m) because

there are so many small ridges. Thus our heights in this study may be high

by laser height standards, but they are not anomalously high. In any case

it appears that only a minor increase in the fracturing strength in the

nodel or a better technique for representing the mean height of a ridge

would make the predictions and observations even more compatible.

8
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Parmerter and Coon (1972) found another interesting model result in.

‘ that’ the ratio of ridge height to ice thickness

ice. Tnis is also apparent in our observations

Figure 4. Figure 6 shows this result much more

was much larger for thin

and can be deduced from

clearly, however, where

ridge heights are normalized by mean block thickness. Here ratios of 6 to

15 are evident for 0.2 to 0.3 m ice while ratios of only 2 to 5 exist for

ice in excess of 1.0 m. Our best empirical fit to this data using a square

root relationship as found previously is

h/t = 4.23/t’/2. (2)

This curve is also shown in Figure 6, along with the Parmerter and Coon

(1973) model predictions for the two fracturing strengths. As expected,

their predicted values for the highest strength case match our observations

quite well. The use of maximum block thickness causes more points to fall

below the high strength prediction but is not shown here.

Ridge Width, SloFe and Area

The width of the ridge base can also be shown to be proportional to

the square root of ice thickness if we use the same simple geometrical

assumptions as presented in the Appendix. The energetic approach however,

says that the ridge should begin to build laterally once the limiting

height is reached. If the limiting height is reached in most ridges, no

relationship between ridge width and ice thickness should be apparent.

The ratios of width to block thickness versus block thickness are

shown in Figure 7. Obviously, there is reasonable correlation between

witch and thickness. The data demonstrate that, similar to hgight, the

9
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‘ width can be many more times the thickness of thin ice than for thicker
.

,ice. Once again, a reasonable fit to the data is obtained using a square

root law in the form of:

w/t = 17.05/tl/2

where w is the width of the ridge base (m).

That width is so obviously related to thickness leads to the conclu-

sion that the ridges sampled in this study had not reached their limiting

heights, and thus had not begun to build laterally. This is somewhat veri-

fied by the fact that we selected only “single” ridges for this investiga-

tion. This inherently limits the possibility of F.aving ridges which had

reached their limiting heights. Free floating multiple ridges and rubble

fields are examples where lateral building has definitely taken place.

These features should be investigated if limiting heights alone are of

interest.

Our measurements showed the mean ridge slope angle to be 26.11”.  The

maximum and minimum angles were 51.34° and 8.77° respectively. These

angles compare well with Kovacs (1972) who reported that first-year ridge

slope angles vary beteen 10° and 55” with a mean of 24° and with Wright et

al. (1978) who reports a mean slope angle of 25°. Figure 8 shows the

height versus width for the 30 ridges along with the 26.11° slope angle

line. Here it is apparent that the scatter of slope angles is relatively

small. This lends support to the constant slope angle assumption used to

derive the square

prmed that slope

Because ‘both

root relation in the Appendix. Further investigations

was independent of block thickness.

ridge height and width correlate reasonably- ~-ell witk,

thickness, it follows that similar behavior may be expected of cross-

10
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sectional area. Figure 9 shows cross-sectional area versus block thickness.

‘ The relationship here is not as apparent as with height or width, par-

ticularly wit-h the larger thicknesses. From equation (A-3), we would also

expect a linear relationship to exist. The best fit line passing through

the origin is:

A = 29.76c (m2) (4)

which is also shown in Figure 9.

That the data points are not tightly grouped might be anticipated.

First, cross-sectional area is dependent on two variables (height and

width) which are at best only partially dependent on thickness+ In addi-

tion, as a ridge is a more or less chaotic arrangement of blocks which is

roughly triangular in cross section, area may be a

tity. Combiaing  these reasons

variable ridge building forces

the data is to be expected.

Block Area

with the previously

leaves little doubt

highly variable quan-

mentioned concern over

that a large scatter of

Measurements which enabled the calculation of

the blocks were also made during the field study.

the top surface area of

This quantity simply

expresses the size of the block without involving the thickness dimension.

In general, our measurements inciuded the largest of the blocks in the

ridge. Because pressure ridges consist of blocks ranging from some

limiting size down co very small pieces, variation among ridges will

with the larger blocks.

The block areas were combined to form a mean for each ridge and

be

are

shown as a function of thickness in Figure 10. The best empirical fit to

this data is
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a = 0.67 e’”86t (mz) (5)

where a is the block area (m2). Because critical bending moment is re-

lated to the thickness squared for simple bean theory (Parmerter and Coon,

1973), we might expect that cross-sectional area would also be related to

thickness squared. The best fit to thickness squared is

and is also

well as the

a = 4.48 t2 (mz ) (6)

shown on Figure 10. This relation does not fit the data as

exponential given in equation (5), particularly for the lower

thickness categories perhaps because different mechanisms or ice properties

govern failure at small thicknesses. ?he exponential fit is purely empiri-

cal, and it does not allow the block area to approach zero with the thick-

ness. Either curve seems adequate for thickness greater than 0.6 m.

Lateral Variation of Height and Width

We are able to examine limited aspects of the

height and width insofar as our three measurements

results may be of interest to users of spot remote

profilometers and to those using statistical ridge

lateral variation of

per ridge permit. These

sensors such as laser

models for off-shore

structure design purposes. Hibler and Ackley (1975) previously reported

the lateral variation of height using shadow lengths to provide heights

every 5 m. ‘l%ey found an average variance of 0.46 m2 for eight ridges,

each approximately 1 km in length. We found an average variance of 0.48

on

m2

over the 15 m interval combining all measurements. The similarity between

these independent results indicates that height variation is indifferent to

sanplinq intervals between 5 and 15 m.

12



Perhaps even more meaningful results are shown in Table 1. Here we
+

(have “given the mean and maximum variations of height and width referenced

to the center values of each ridge.

Height variation seems particularly high. It is even more impressive

when one considers that average ridge heights given by laser profiles are

between 1.2 and 1.8 m (Tucker et al., 1979). These large variations over

relatively short distances emphasize the fact that ridges are highly vari-

able piles. of blocks. They also imply that a single cross-section measure-

ment to represent an entire ridge should be treated with caution. In fur-

ther examinations, we found no substantial relationship between block

thickness or area and percent lateral variation, although, in general, the

largest variations occurred on the largest ridges (which are inherently

composed of the largest blocks).

Geographic Variations

Where feasible, figures have had data points plotted by sampling

site. The only geographically related feature seems to be that the three

largest ridges were located in site 1. Because the sampling scheme was

subjective and because only a limited number of ridges were measured, this

finding is probably coincidence. For these same reasons, recognition of

other characteristics related to geographic location is rather specula-

tive.

Figure 2, which shows the aerial photographs of sites 1 and S, makes

it clear that many more ridges exist closer to shore. This is verified in

Figure 11 where laser profile ridge height and density counts taken during

the time of our field study are shown. Also shown are data from previous

years for this saae  C~OSS  Island  line  (~24°E). A general decrease in the

13
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+ number of ridges and in the mean ridge height as distance from shore

increases is indicated. This decrease in mean height is apparent for both

the March 1978 and April 1980 laser runs and is contrary to previous

findings by Tucker et al. (1979) that mean height remained essentially con-

stant with distance from shore.

In general then, our investigation found no obvious morphological dif-

ferences related to ice thickaess or block size that could be attributed to

geographic location. If such variations exist, a more objective sampling

scheme would be necessary to resolve them. Of major tiportance would be

the requirement to sample more ridges from each site. ‘

General ridging characteristics do vary with distance from shore as

evidenced from the laser profiles. The prevalence of many more shear type

ridges near shore also has been reported previously (Kovacs and XeUor,

1974, Tucker et al., 1980) and can be deduced from Figure 2. As mentioned

previously this investigation concentrated only on pressure ridges. We do

not know whether the presence of multi-year ice in the nearshore area would

create discemable  morphological differences in these pressure ridges.

CONCLUSIONS

sure

The following conclusions

ridge sails are suggested

concerning the structure of first-year pres-

by this study of ridge morphology in the

nearshore region.

1. Ice in excess of 1

sure ridges. The degree to

ice available (as this will

m in thickness commonly deforms to form pres-

which this occurs depends on the amount of thin

deform first) and the ridge building force.

?
A. Ridges are occasionally composed of t-JO or three distinct ice

thicknesses which may vary by more than 1.0 m.

14
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3. This study supports the results of Parmerter and Coon (1972) who.

‘ found through modeling studies that sail height is partially dependent on

the thickness of ice being ridged. In general, sail heights appear to

scale with the square root of ice thickness. Ridges of thin ice can be

many times as high as the thickness of the ice that is ridged while those

composed of thicker ice (> 1 m) are only 3-5 times the thickness.

4. Ridge width is also partially dependent on the thickness of ice

being deformed. Width is also a function of the square root of ice thick-

ness provided ridges have not begun to grow laterally after the limiting

height has been reached.

5. Cross-sectional area is a linear function of ice thickness, but

the relationship is not as apparent as with width or height.

6. Ridge slope is independent of block size and thickness. Slope

angles vary from 8 to 52° with a mean angle of 26°.

7. Maximum block area (topside surface area) is dependent on block

thickness.

8. Obtaining a representative ridge profile with one cross section

is a recognized problem. This is emphasized by our lateral variation

findings in which the mean variation over 15 m was 28% for height and

14% for width.

9. Morphological differences related to block size attributed to

distance from shore were not discernible in this study. More and higher

ridges occurred closer to the coast and more shear type ridges were

evident near shore.

15



●

Acknowledgements*

This work was supported by funding from the Bureau of Land Manage-

ment through interagency agreement with the National Oceanic and Atmos-

pheric Administration under

of petroleum development of

the Outer Continental Shelf

which a multiyear progrsm responding to needs

the Alaskan continental shelf is managed by

Environmental Assessment Program (OCSEAP)

Office. This study was accomplished under Research Unit #88. We also

acknowledge the valuable technical comments provided by W. Weeks, W.D.

IHbler III, A. Kovacs, D. Sodhi and an anonymous reviewer.

16



.
APPENDIX

RIDGE HEIGHT GEOMETRY MODEL

Hibler (1980) proposed a maximum height for a ridge redistribution

function which scales with the square root of the thickness of ice being

ridged. By making several assumptions ridge heights can be shown

geometrically to be functions of the square root of ice thickness.

Consider that the statistical distribution of lead widths is independent of

the ice thicknesses in the leads. Then assume that equal width leads

containing different ice thicknesses undergo ridging. Also assume that

slope angles, top and bottom, are similar for all ridges and that the

ridges are floating freely in isostatic equilibrium.

The cross-sectional area A of the sail of each ridge is given by

hz
As=—

tan~ . .(mz) (A-1)

where ~ is the topside slope angle. If the slope angles are equal for the

ridges then

As =  &hz (m) 2

1where a is the constant — .
tan~

(A-2)

If the voids in the ridges are neglected, the cross-sectional area of

each ridge (top and bottomside) can also be expressed as

A = Wt (mz) (A-3)

where W is the original width of the ice that deformed.

Since the topside area will be some fixed fractional amount (k) of the

total ridge cross-sectional area,



.

A =kA
s (m2) (A-4)

then from (A-3)

2
ah = kWt (m2) (A-5)

and, as assumed earlier, if the widths of the original leads are equal,

h = kt’/2 (m) ( A-6)

after combining constants.

This simplistic geometrical approach makes several assumptions which

are not quite valid. The lack of voids can be accounted for by simply

assuming a fixed proportion of ridge volume to be void space and including

another constant to account for

and others (Kovacs 1972, Wright

tightly grouped around 25-26°.

geometrical argument is that of

ridges. We feel, however, that

this. Slope angles measured in this study

et al. 1978) vary, but seem to be fairly

The most invalid assumption in this

equal width leads that deform to become

lead widths, as with ridge heights and

slope angles,

ice thickness

range of lead

must have a statistical distribution which is independent of

in the leads. If this is true, there will be a predominant

widths that undergo ridging, and hopefully that range is

small enough to be included in a constant as done above. We also know that

ridge heights will depend on the overall stresses and strength of the ice

which is only partially related to thickness. In spite of the large

possibility that our assumptions are invalid, this intuitive geometrical

model appears to fit the data quite well as shown in Figure 4.



Table 1. Lateral Variation of Height and Width
Over 15 m Horizontal Distance.

Mean Mean Maximum Maximum
Variation (m) % Variation Variation (m) Variation %

Height
Width

1.04 28.2 3.2 54.2
2.02 14.2 7.5 31.4
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FIGURE CAPTIONS
.

Figure 1. Ridge sampling locations. Each site was approximately
3 b square.

Figure 2. Aerial photographs of typical ice conditions near site 1
(top) and site 5 (bottom).

Figure 3. Ridge containing two distinct ice thicknesses. Foreground
block (being measured) is approximately 0.4 m thick while
background block is greater than 1.0 m.

Figure 4. Ridge height versus mean block thickness. Best fit square root
curve and Parmerter and Coon (1973) predictions are also shown.

Figure 5. Ridge height versus maximum block thickness along with the
Parmerter and Coon (1973) predicted ridge heights.

Fig~r~ 6. Ratio of ridge height to mean block thickness versus mean block
thickness. Best fit square root curve and Parmerter and Coon
(1973) predictions are also shown.

Figure 7. Ratio of ridge width to mean block thickness versus mean block
thickness. Best fit square root curve is also shown.

Figure 8. Ridge height versus ridge width along with the mean slope
angle line of 26.11°.

Figure 9. Ridge cross-sectional area versus block thickness along with
the best fit line passing through the origin.

Figure II). Block area versus mean block thickness. The best fit
exponential and square root curves are also shown.

Figure 11. Mean ridge height (top) and number of ridges {bottom) per
20 km interval for April, 1976, March, 1978 and April, 1980.
Values are plotted at the center of the 20 lun interval.
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Figure 1. Ridge sarlpling locations. Each site was approximately
3 km square.
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Figure 2. Aerial photographs of typical ice conditions near site 1
(top) and site 5 (bottom). . .- --- ----- . .
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Figure 3. Ridge containing two distinct ice thicknesses. Foreground
block (being measured) is approximately .4 m thick while
background block is greater than 1.0 m.
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